prevention. 6 In the CHANCE trial (Clopidogrel in High-Risk Patients With Acute Nondisabling Cerebrovascular Events), dual antiplatelet therapy with clopidogrel (P2Y 12 receptor antagonist) and aspirin significantly reduced the risk for stroke versus aspirin alone in a Chinese population with acute minor stroke or transient ischemic attack (TIA). 1 However, a large unmet medical need persists for novel, effective treatment options to improve outcomes among patients with acute minor ischemic stroke and TIA, particularly given the variability in clopidogrel response. 7 The SOCRATES trial (Acute Stroke or Transient Ischemic Attack Treated With Aspirin or Ticagrelor and Patient Outcomes) investigated whether ticagrelor, a reversibly binding, direct-acting, oral P2Y 12 receptor antagonist and inhibitor of ENT1 (type 1 equilibrative nucleoside transporter), 8, 9 was superior to aspirin for prevention of the composite of stroke, myocardial infarction, and death, when initiated within 24 hours after symptom onset in patients with acute cerebral ischemia. 10 A nonsignificant 11% relative risk reduction of the primary end point was found in SOCRATES. 3 Addition of ticagrelor for patients who received aspirin before randomization in SOCRATES may confer the effect of dual antiplatelet therapy since aspirin's antiplatelet effect persists during the first week when the risk of new stroke events is highest. This prespecified analysis of SOCRATES explored ticagrelor safety and efficacy in patients receiving aspirin before randomization.
Methods
Data underlying the findings described in this article may be obtained in accordance with AstraZeneca's data sharing policy available at https://astrazenecagrouptrials.pharmacm.com/ST/Submission/ Disclosure.
SOCRATES design and primary results have been presented previously. 3, 10 The trial was approved by the relevant Institutional Review Board/Ethics Committee at each site. Patients provided written informed consent before any study-specific procedures were performed.
Patients (n=13 199) with a noncardioembolic, nonsevere ischemic stroke (National Institutes of Health Stroke Scale score of ≤5) or high-risk TIA (ABCD 2 score of ≥4 or symptomatic ipsilateral stenosis of an extra or intracranial artery) were randomized (interactive web-based randomization system) within 24 hours of symptom onset to double-blinded treatment with ticagrelor 180 mg loading dose on day 1 followed by 90 mg twice daily for days 2 to 90 or aspirin 300 mg on day 1 followed by 100 mg daily for days 2 to 90.
Concomitant medication information, particularly aspirin use, was collected; including start and stop date for medications initiated or stopped during the month before randomization. The prioraspirin subgroup were patients receiving any aspirin within 7 days before randomization. Atherosclerosis was assessed by atherosclerosis, small-vessel disease, cardiac pathology, other causes, dissection phenotyping (ASCOD) to assign stroke cause and grade; A0=no atherosclerotic disease; A1 (likely causal)=≥50% ipsilateral stenosis of extracranial or intracranial arteries or a mobile thrombus in the aortic arch; A2 (causal relationship possible but uncertain)=<50% stenosis of extracranial or intracranial artery or an aortic arch plaque of >4 mm in thickness without mobile thrombus; A3 (unlikely causal)=plaque without stenosis or a stenosis in an artery contralateral to the cerebral infarct or a concomitant coronary or peripheral arterial disease; A9=insufficient information to grade atherosclerosis (no assessment of either intracranial arteries or extracranial arteries). 11 The prior-aspirin group was also analyzed by aspirin dose (>150 mg versus ≤150 mg), to explore any dose-related impact on efficacy of prior-aspirin use, and by start day of aspirin treatment as either (1) starting the day before or the same day as randomization, representing patients receiving an acute treatment with aspirin after onset of symptoms but before randomization, for example, as part of prehospital emergency care or at the emergency ward, or (2) starting earlier than the day before randomization considered as a proxy for chronic treatment, that is, aspirin treatment was ongoing at the time of the index event, since the start date was out of the possible time window of 24 hours between the start of the index event and randomization.
The primary end point for SOCRATES was the time from randomization to first occurrence of any event from the composite of stroke (ischemic or hemorrhagic), myocardial infarction, or death at 90 days; each of these components was based on standard definitions. 10 An exploratory analysis of the primary end point at 7 days was performed; at this time point, because of platelet lifespan and renewal, any effect of aspirin intake before randomization is expected to have disappeared and a sufficient number of events was expected to have occurred to make it possible to detect an early treatment effect. The secondary efficacy end point was ischemic stroke. The primary safety end point was PLATO (Study of Platelet Inhibition and Patient Outcomes) major bleeding. An independent Clinical Event adjudication Committee, blinded to study treatment, adjudicated all components of the efficacy end point and classified all bleeding events, not considered as minimal by the investigator, according to the PLATO bleeding definition.
10,12

Statistical Methods
The prior-aspirin subgroup analysis was prespecified and exploratory. Efficacy analyses were based on the intention-to-treat principle using adjudicated events and including all randomized patients. Safety analyses of bleeding events were performed for patients receiving at least one dose of randomized treatment. Time from randomization to the first occurrence of any event for a given end point was analyzed by the Cox proportional hazards model with treatment as the only factor. Interaction between treatment assignment and prior-aspirin indicator was evaluated by including terms for treatment, prior-aspirin indicator, and treatment-by-prior-aspirin indicator interaction in the Cox model. Interaction terms with a P value of <0.05 were considered to be statistically significant. This conservative approach of assessing interaction in subgroup analyses (rather than using P<0.10) was considered appropriate, given that the primary outcome of the SOCRATES trial was not statistically significant (P=0.07). 3 Baseline characteristics were compared for patients in the prioraspirin subgroup and those with no prior-aspirin usage. Categorical variables were presented as percentages and continuous variables as median with interquartile range or mean with SD. χ 2 test and t test were performed for comparison of categorical variables and continuous variables, respectively. P values of <0.05 were considered significant.
Results
Baseline characteristics were balanced among ticagrelor and aspirin groups. 3 Criteria for prior-aspirin usage was met in 4232 patients (ticagrelor, 2130; aspirin, 2102), whereas 8967 patients (ticagrelor, 4459; aspirin, 4508) did not use aspirin in the 7 days before randomization (Table 1 ). There were multiple differences in baseline factors among prior-and no prior-aspirin subgroups, mainly driven by the chronic treatment prior-aspirin group (Table 1) . There were some patients who had received clopidogrel before randomization (Table 1) ; a sensitivity analysis excluding these patients did not impact on the overall results of this study. The distribution of patients with ipsilateral atherosclerotic stenosis (A1-A2) was similar in the prior-aspirin and no prior-aspirin subgroups. However, patients with chronic treatment in the prior-aspirin subgroup had higher atherosclerotic burden overall (A1-A3) and higher presence of ipsilateral stenosis versus patients with acute treatment (Table 2 ).
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In the prior-aspirin group, a primary end point occurred in 138/2130 (Kaplan-Meier%, 6.5%) patients randomized to ticagrelor and in 177/2102 (Kaplan-Meier%, 8.3%) patients randomized to aspirin (hazard ratio [HR], 0.76; 95% confidence interval [CI], 0.61-0.95; P=0.02). For the no prioraspirin group, 304/4459 (Kaplan-Meier%, 6.9%) of patients randomized to ticagrelor and 320/4508 (Kaplan-Meier%, 7.1%) of patients randomized to aspirin experienced a primary end point (HR, 0.96; 95% CI, 0.82-1.12; P=0.59; Table 3 ; Figure [A] ). The treatment-by-prior-aspirin interaction did not reach statistical significance (P=0.10). The stroke component was the major contributor to primary end point events. There was a consistent pattern for the effect in patients in the prioraspirin group randomized to ticagrelor on deaths and myocardial infarctions (Table 3) .
The effect on the secondary efficacy end point, ischemic stroke, in patients with prior-aspirin usage randomized to ticagrelor (HR, 0.78; 95% CI, 0.62-0.99; P=0.04) was consistent with that on the primary end point ( Table 3) .
The primary end point censored at day 7 in the prioraspirin subgroup showed that 80/2130 (3.8%) of patients treated with ticagrelor and 107/2102 (5.1%) treated with Figure [B] ). Table 3 shows the impact of timing and dose of prior aspirin on outcome. The HR for the primary end point for patients with prior-aspirin usage randomized to ticagrelor versus aspirin was similar in patients receiving an acute treatment (HR, 0.72; 95% CI, 0.54-0.97; P=0.03) and patients on chronic A0, no atherosclerotic disease; A1 (likely causal), ≥50% ipsilateral stenosis of extracranial or intracranial arteries or a mobile thrombus in the aortic arch; A2 (causal relationship possible but uncertain), <50% stenosis of extracranial or intracranial artery or an aortic arch plaque of >4 mm in thickness without mobile thrombus; A3 (unlikely causal), plaque without stenosis or a stenosis in an artery contralateral to the cerebral infarct or a concomitant coronary or peripheral arterial disease; A9, insufficient information to grade atherosclerosis (no assessment of either intracranial arteries or extracranial arteries).
11 ASCOD indicates Atherosclerosis, Small-Vessel Disease, Cardiac Pathology, Other Causes, Dissection. ‡Interaction between treatment assignment and prior aspirin indicator was evaluated by including terms for treatment, prior-aspirin indicator, and treatment-byprior-aspirin indicator interaction in the Cox model (P<0.05 was considered statistically significant).
§Start of treatment occurring earlier than the day before randomization. ‖Start of treatment occurring the day before or the same day as randomization.
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treatment (HR, 0.82; 95% CI, 0.58-1.17; P=0.27); P value for interaction was 0.58. In the prior-aspirin group, major bleeding occurred in 0.7% of patients randomized to ticagrelor and in 0.4% randomized to aspirin (HR, 1.58; 95% CI, 0.68-3.65; P=0.28), with no increase of life-threatening bleedings, including intracranial bleedings (Table 4 ). The combination of major or minor bleedings in the prior-aspirin group was more common among patients randomized to ticagrelor versus aspirin (HR, 1.76; 95% CI, 1.09-2.85; P=0.02).
Discussion
In this prespecified exploratory analysis of SOCRATES, there was a trend toward a better treatment effect of ticagrelor over aspirin in patients who received aspirin in the 7 days before randomization, although the interaction for treatment by prior aspirin was not statistically significant when using the conservative threshold of P<0.05. Power to detect an interaction effect is generally less than that for the main effect. Failure to identify significant interaction does not imply homogeneity of effects and could be because of low power. In fact, the differences in the magnitude of subgroup-specific treatment effects (HR=0.76 in the prior-aspirin group versus HR=0.96 in no prior-aspirin group) suggests a degree of treatment effect heterogeneity. However, results from subgroup analyses must be interpreted with caution because these can increase both false-positive and false-negative errors. Therefore, the observation in this study should primarily be hypothesis-generating with necessary confirmation coming from a future study.
Interestingly, a recent publication based on reanalyses of clinical trial data with aspirin versus control in acute minor stroke and TIA demonstrated that aspirin substantially reduces the risk of early recurrent stroke and reduces disability after recurrent stroke. 13 Thus, aspirin's preventive effect in the early period after acute cerebral ischemic events may be substantial, and a residual aspirin effect during the first week of treatment in SOCRATES may have provided additional benefit to ticagrelor, by conferring partial dual antiplatelet therapy.
An enhanced antiplatelet effect of clopidogrel with aspirin was seen in several studies. Studies investigating microembolization from atherosclerotic cerebral arteries in connection with acute cerebral ischemic events showed a reduction in events with dual antiplatelet therapy. 14, 15 Furthermore, the CHANCE trial of Chinese patients with minor ischemic stroke or TIA found a 32% relative risk reduction of a stroke at 90 days with a regimen including clopidogrel with aspirin versus one that included only aspirin. 1 The ongoing POINT trial (Platelet-Oriented Inhibition in New TIA and Minor Ischemic Stroke) is investigating whether the promising results of clopidogrel and aspirin versus aspirin in acute cerebral ischemic events demonstrated in CHANCE could be confirmed in a Western population. 16 The higher vascular disease burden in the prior-aspirin group may reflect that aspirin was used more frequently for prevention of atherothrombotic diseases in this subgroup. Potentially, patients with a higher vascular event risk in the prior-aspirin group, and with the index event occurring during aspirin treatment (breakthrough stroke), may have benefited more from intense antiplatelet therapy provided by ticagrelor. 17 However, a large proportion of patients in the prior-aspirin group only received acute treatment before randomization, thus most likely after the start of the index event, and these patients benefited from ticagrelor at least as much as those with aspirin chronic treatment before randomization. Diminishing clinical effect of aspirin with long-term use has been hypothesized and could explain higher event rates in those previously taking aspirin who were randomized to aspirin and a trend toward better treatment effect of ticagrelor 13, 17 ; however, this would not explain the similar effect seen in those who received only acute aspirin treatment before randomization. The observation that patients who received only acute treatment with aspirin after the index event had a favorable outcome may indicate the benefit of dual antiplatelet with ticagrelor and aspirin in the acute setting of cerebral ischemic events. Finally, atherosclerotic phenotyping could not confirm an increased prevalence of ipsilateral atherosclerotic stenosis in the prior-aspirin group; a higher prevalence of ipsilateral atherosclerotic stenosis could have rendered this subgroup more responsive to ticagrelor, as shown in a recent SOCRATES publication. 18 Although atherosclerotic phenotype was more common in the chronic treatment than in the acute treatment prior-aspirin group, this difference did not translate into a differentiated treatment effect.
Taking all these findings together, it is reasonable to assume that the initial dual antiplatelet effect from aspirin intake 7 days before randomization during the period with the highest risk for new stroke events was the major contributor to 
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the potential treatment effect of ticagrelor in the prior-aspirin group, observed in the 7-day analysis, as well as at 90 days. In a secondary publication from the PEGASUS-TIMI 54 trial (Prevention of Cardiovascular Events in Patients With Prior Heart Attack Using Ticagrelor Compared to Placebo on a Background of Aspirin-Thrombolysis In Myocardial Infarction 54), addition of ticagrelor to aspirin for long-term secondary prevention in patients with coronary disease provided a significant relative risk reduction of stroke by 25%, but with more major bleeding (HR, 2.32; 95% CI, 1.68-3.21; P<0.001). 19 In CHANCE, major bleeding event rates were similar for aspirin alone and the combination of clopidogrel and aspirin. 1 In SOCRATES, the number of major bleeding events were few and similar for ticagrelor and aspirin. 12 Overall, major or minor bleeding tended to be more common on ticagrelor than aspirin in the prior-aspirin group, which may reflect a more pronounced antiplatelet effect, whereas severe, life-threatening bleeding rates were not.
Although this global data set is of reasonable size to justify subgroup analyses, the results from these analyses should be interpreted with caution for several reasons. The primary outcome in SOCRATES was not statistically significant. The prior-aspirin usage was not randomly assigned and there were differences in baseline factors among the subgroups; however, the key comparator of interest was randomized: treatment with ticagrelor or aspirin. In addition, the effect of aspirin intake before randomization would gradually disappear during the first treatment week, providing only a partial dual antiplatelet therapy in the ticagrelor prior-aspirin subgroup. Therefore, the findings about bleeding risk and efficacy of combining ticagrelor and aspirin versus aspirin alone in patients with acute stroke or TIA need to be confirmed in a randomized trial.
In conclusion, the results of the present analyses and the literature on dual antiplatelet therapy in patients with acute cerebral ischemic events support the hypothesis that the combination of ticagrelor and aspirin may be a more effective treatment than aspirin alone in preventing subsequent ischemic events in patients with acute minor ischemic stroke or TIA. This hypothesis will be addressed in the THALES trial (Acute Stroke or Transient Ischemic Attack Treated With Ticagrelor and ASA for Prevention of Stroke and Death; URL: http:// www.clinicaltrials.gov. Unique identifier: NCT03354429).
